Background-Early diagnosis of tuberculosis is crucial, especially in Korea, where tuberculosis is endemic. Aims-To evaluate the validity of the ICT tuberculosis test (ICT) in early diagnosis of tuberculosis. Methods-Sixty eight patients with tuberculosis were tested; 37 had no history of previous tuberculosis (patient group 1), and 31 had reactivated tuberculosis (patient group 2). The control groups comprised 77 subjects: 25 healthy adults, 35 hospital workers, and 17 inpatients with non-tuberculous respiratory diseases. Results-The diagnostic sensitivities of ICT were 73% in patient group 1 and 87.1% in patient group 2. In two patients with extrapulmonary tuberculosis, both tested positive using ICT. The specificities of ICT were 88%, 94%, and 94% in healthy adults, hospital workers, and nontuberculous patients, respectively. Conclusions-ICT is a useful tool for the diagnosis of tuberculosis. (J Clin Pathol 2000;53:715-717) 
The diagnosis of tuberculosis has traditionally depended on the chest x ray, the acid fast bacilli (AFB) stain, and AFB culture of sputum. However, these conventional methods are unsatisfactory because the AFB stain is insuYciently sensitive, and the AFB culture takes more than three weeks to produce results. More sensitive and specific tests, such as the polymerase chain reaction (PCR) and transcription mediated amplification (TMA), are inappropriate for routine laboratory testing to diagnose tuberculosis because they require technologies and equipment that are expensive or diYcult to operate.
The recently introduced antibody detection methods, which use antigens such as lipoarabinomannan (LAM), 1 A60, 2 tuberculous glycolipids (TBGLs), 3 and the 38 kDa antigen, show relatively high sensitivity in the diagnosis of tuberculosis. Of those antigens, the 38 kDa antigen is a lipoprotein found only in the Mycobacterium tuberculosis complex, and the enzyme linked immunosorbant assay (ELISA) using a monoclonal antibody to that antigen has high sensitivity and specificity in diagnosing tuberculosis. 4 5 It is uncertain, however, whether the test is suitable for screening or diagnosing tuberculosis in Korea because the extent of the antibody response to some mycobacterial antigens shows geographical variation, 6 and because the rate of BCG vaccination and the incidence of tuberculosis vary from country to country. Our study attempted to evaluate the validity of the serological antibody test for diagnosing tuberculosis. It used the recently introduced ICT tuberculosis test (ICT; ICT Diagnostics, Sydney, Australia): an antibody test kit that detects antibodies to five antigenic determinants that are fixed to a nitrocellulose membrane.
Materials and methods
The 68 patients with tuberculosis were either outpatients or inpatients at Pusan National University Hospital (PNUH), Pusan Medical Center (PMC), St Benedict Hospital, or Koo's Chest Clinic. The diagnoses of pulmonary tuberculosis were made as follows. Fifty four were culture positive for M tuberculosis. The identification of M tuberculosis was performed by means of the Accuprobe culture confirmation kit (Gen-Probe, San Diego, California, USA). In 12 patients, including five reactivating cases, AFB stains or cultures were negative, but typical chest x ray or computed tomography (CT) findings of consolidations, cavitary lesions, or pleural eVusions were shown to improve after antituberculous treatment. Blood tests in the male 25 year old patient with tuberculous meningitis showed 870 white blood cells/µl (lymphocytes, 56%), 280 mg/litre of glucose, and 6300 mg/litre of protein, and he was confirmed to have tuberculosis by PCR. 7 For the 40 year old female patient with tuberculous lymphadenopathy, AFB stain and culture were not performed, and diagnosis relied upon typical histopathological findings. Group 1 comprised 37 patients with no previous history of tuberculosis, of whom 33 had pulmonary tuberculosis, two had pulmonary tuberculosis combined with intestinal tuberculosis, one had tuberculous lymphadenopathy, and one had tuberculous meningitis. AFB stain results were nine negative and 27 positive. For the patient with tuberculous lymphadenopathy, AFB stain was not done. Group 2 comprised 31 patients with a previous history of tuberculosis who had not had successful treatment or had a relapse after a complete cure; 30 had pulmonary tuberculosis, and one had pulmonary tuberculosis combined with tuberculous spondylitis. AFB stain results were five negative and 26 positive. The blood was drawn from the patients just after diagnosis or within one month after the initiation of antituberculosis treatment. All the specimens were taken between September and December of 1998.
The healthy adults were 25 people who visited the health promotion centre of PNUH.
The hospital workers comprised 35 physicians, nurses, and laboratory technicians who had been working on the tuberculosis wards or mycobacterial laboratories of PNUH or PMC for more than one year. The 17 patients with non-tuberculous respiratory diseases-lung cancer (nine), bacterial pneumonia (four), empyema (two), pleuritis (one), and chronic bronchitis (one)-were randomly selected from the patients who had been hospitalised in the respiratory unit of PNUH. All members of the control groups had no symptoms or signs of tuberculosis at the time of investigation, no previous history of tuberculosis, and no evidence of tuberculosis on chest x rays and AFB stains within six months.
The sera were separated and refrigerated at 4°C within three days. The ICT test was performed according to the manufacturer's manual. Briefly, 30 µl of serum and three drops of reagent consisting of antihuman IgG coated particles were applied to each side of the membrane, enabling reactions to take place between the membrane fixed antigens and the serum antibodies, followed by antibody-antihuman IgG complex formation. The kit used an internal quality control band, which was seen within 15 minutes of the start of the reaction. The result was considered positive if the control band was observed, and if one or more of the four positive bands appeared. One sample was tested for each individual, and each sample was tested once. The sensitivity and specificity were calculated.
Results
In patient groups 1 and 2, 27 of 37 (73%) and 27 of 31 (87%) tested positive using ICT, respectively. Of the nine patients with negative AFB stain in patient group 1, seven (78%) were ICT positive. Of five patients with negative AFB stain in patient group 2, three (60%) showed positive ICT results. Twenty four of 26 (92%) and 19 of 27 (70%) of the smear positive patients in patient groups 1 and 2 were ICT positive, respectively. The two patients with extrapulmonary tuberculosis suVering from tuberculous meningitis and lymphadenopathy tested positive using ICT (table 1) .
Of the 25 healthy adults, three tested positive with an 88% specificity. The three were judged to be falsely positive, because sputum AFB staining and culture and chest x rays were negative. Of the 35 hospital workers, two tested positive with a specificity of 94%. These individuals were also considered to be falsely positive because staining and culture with three consecutive morning sputum samples was negative. Of the 17 patients with nontuberculous respiratory disease, one tested positive, with a specificity of 94%.
Discussion
The role of humoral immunity in the progression of tuberculosis has not been clarified, partly because techniques of purifying antibodies have not been refined. 8 However, as monoclonal antibody technology progresses some reports claim that the diagnosis of tuberculosis is possible using antigens or antibodies such as LAM, A60 antigen, and TBGL. In addition, there are two methods of diagnosing tuberculosis that use the 38 kDa antigen. One tests for serum 38 kDa antigen using a monoclonal antibody, 4 and the other uses the epitope of the antigen for detecting serum antibodies. 5 The sensitivities of the two methods have been reported to be in the range of 68-87% and 70-92%, respectively. The ICT test is an antibody test kit that reacts with five determinants, including the 38 kDa antigen. It takes 15 minutes to perform, requires neither special equipment nor special techniques, and costs about 10 $US/test, less than the cost of mycobacterial cultures or chest x rays.
In terms of diagnostic sensitivity, it was slightly higher in patient group 2 than in patient group 1. However, in group 2, residual antibody might remain after the primary infection, and could possibly cause a positive result. Therefore, it is reasonable to consider the diagnostic sensitivity as 73%, not the average of the two patient groups. The sensitivity level of 73% is similar to that of other studies. Ziehl-Neelsen acid fast staining, which is still one of the most widely used tests in screening tuberculosis, shows variable sensitivities in diagnosing tuberculosis, ranging from 30% to 80%. We suggest that ICT can be used as a supplementary means for diagnosing tuberculosis. However, a considerable number of the smear positive patients-7.7% of patient group 2 and 29.6% of patient group 1-were ICT negative, and these results are probably false negatives. Thus, we believe that ICT cannot replace the chest x ray or AFB stain as a means of quick diagnosis of tuberculosis.
One important consideration when choosing a method for diagnosing tuberculosis is specificity. For a serological antibody to be useful in diagnosing tuberculosis, BCG vaccination or frequent exposure to M tuberculosis should not have an eVect, because the incidence of tuberculosis in Korea is about 1% in the general population, and because most children are vaccinated. In our study, tuberculosis in all members of the control groups was excluded by clinical, microbiological, and radiological findings. The individual status of BCG vaccination was unknown, but the nationwide survey of 1995 shows that the vaccination rate was 91.7% for the population under 30 years of age, and it was estimated as 75% for the whole age group. Therefore, it seems unlikely that the three controls who were ICT positive were the only ones in this group to have received BCG vaccination, which makes it diYcult to say that these positive results were caused by BCG vaccination. In addition, they had no clinical, radiological, or microbiological evidence of tuberculosis, and these results were therefore considered to be false positives. Previous studies found that tests using the 38 kDa antigen had a general specificity of 92-100%, 4 5 89-91% in cases of infection by non-tuberculous mycobacteria, 5 9 and 89% in healthy adults exposed to M tuberculosis. 10 Our study gave similar results-specificity was 88-94%-and we conclude that the ICT test is highly specific.
It is more diYcult to diagnose extrapulmonary tuberculosis than other cases of tuberculosis. As a consequence, it is necessary to adopt molecular biological methods, such as PCR and TMA, for the early diagnosis of extrapulmonary tuberculosis. Wilkins et al have reported that the 38 kDa antibody test used on 73 patients with extrapulmonary tuberculosis (such as tuberculous lymphadenopathy and meningitis) has a sensitivity ranging from 70% to 81% (mean, 74%). 9 Although only two patients in our study had extrapulmonary tuberculosis, both tested positive using ICT. In particular, the patient with tuberculous meningitis had been diagnosed as negative by the AFB stain and culture but tested positive using ICT. This indicates that the ICT test could be an important supplementary means for diagnosing extrapulmonary tuberculosis.
